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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a flat-type semiconductor device 
which enables an electric power control device including a cooling device 
to be reduced in size and weight by reducing the thermal resistance 
between the semiconductor device and a coolant when a double-side 
cooling flat-type semiconductor is used in a circulating water cooling 
system. 

SOLUTION: A plate-like protrusion is provided to the one end of each of 
the electrode plates 4a and 4b of a flat-type semiconductor device 1 
extending outwards beyond the periphery of an insulating ring 5 to serve as 
a current terminal 6. A usual current plate can be dispensed with, so that a 
thermal resistance between the current plate and a contact can be 
eliminated. As compared with a conventional one, a thermal resistance 
between the flat-type semiconductor device 1 and a coolant can be 
reduced by 25%. It is preferable that the current terminals 6 are set 
deviating from each other in position so as not to impede their connection 
with outer conductors. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A flat tip semiconductor device characterized by having a tabular projection by which some of one [ at least ] 
electrode boards were extended outside a periphery of an insulating ring in a flat tip semiconductor device of a double- 
side-cooling mold which has two metal-electrode boards which fixed to an insulating ring of a ceramic, and radiates 
heat from both sides of a contained semiconductor chip, and using the tabular projection as a principal current terminal. 
[Claim 2] A flat tip semiconductor device according to claim 1 characterized by having a tabular projection which 
extended some electrode boards of both sides outside a periphery of an insulating ring of a ceramic, and using the 
tabular projection as a principal current terminal. 

[Claim 3] A flat tip semiconductor device according to claim 2 characterized by shifting mutually a location of a 
principal current terminal of an extension of an electrode board of both sides. 

[Claim 4] A flat tip semiconductor device according to claim 3 characterized by preparing a principal current terminal 
of an extension of an electrode board of both sides in a symmetrical location. 

[Claim 5] A flat tip semiconductor device according to claim 3 characterized by being prepared so that a principal 
current terminal of an extension of an electrode board of both sides may turn to the direction of a right angle mutually. 
[Claim 6] A flat tip semiconductor device according to claim 1 to 5 characterized by establishing a hole in a principal 
current terminal of an extension of an electrode board. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention is used for the main circuit inverter of the vehicles for 
electric railroads etc., and relates to the flat tip semiconductor device for power which controls a high current. 
[0002] 

[Description of the Prior Art] Drawing 3 is the cross section of the double-side-cooling mold flat tip semiconductor 
device for the conventional power. In drawing, the flat tip semiconductor device 1 sandwiches the semiconductor device 
chip 2, and the heat transfer member 3 and the electrode board 4 are arranged at the both sides, and it carries out 
pressurization contact. The circumference of the electrode board 4 fixes to the insulating ring 5 of an alumina, and the 
semiconductor device case is constituted. For example, silicon and a coefficient of thermal expansion are near, it is 
molybdenum and the electrode board 4 of the heat transfer member 3 is [ the electrical and electric equipment and 
thermal conductivity are large, for example, ] copper. The heat loss generated with the semiconductor device chip 2 is 
told to the heat transfer member 3 and the electrode member 4 by heat conduction, and radiates heat to the cooling 
object of the both sides which touch the surface of the electrode member 4. Instead of a semiconductor chip 2, the 
semiconductor element which carried out the alloy to heat-resistant metal plates, such as a tungsten, can also be used. In 
addition, details, such as a means to position a semiconductor chip 2 by a diagram, are omitted. 
[0003] About the cooling method of a flat tip semiconductor device, the internal passage of the cooling object which 
equipped the semiconductor device exoergic side with cooling water (antifreezing solution) with the circulating pump is 
circulated, and there is circulating water cooling system which cools a semiconductor device. Cooling water 
(antifreezing solution) is used for cooling water data medium of the circulating water cooling system. Although there is 
immersion ebullition cooling system which a semiconductor device and a cooling object are made immersed into the 
liquid of an insulating refrigerant (for example, chlorofluocarbon liquid or carbon fluoride liquid), and cools a 
semiconductor device by bubbling of an insulating refrigerant as other cooling system, corresponding to the motion of 
regulating use of an insulating refrigerant (for example, chlorofluocarbon liquid or carbon fluoride liquid), the 
circulating water cooling system is used more often from consideration of an environmental problem. 
[0004] Drawing 4 is drawing showing the configuration of the circulating water cooling system which used the flat tip 
semiconductor device of drawing 3 . Serial arrangement is carried out by more than one by turns, the flat tip 
semiconductor device 1 and the cooling object 8 pressurize, and the semiconductor stack 1 1 is constituted. The pan 
spring for pressurization in 14 and 15 are the shots for carrying out an equal load. Since it is necessary to insulate the 
flat tip semiconductor device 1 with the cooling water (antifreezing solution) of non-insulation electrically in that case, 
between the cooling objects 8 in which cooling water 21 carries out conduction to the flat tip semiconductor device 1, 
the electric insulating plate 7 made with the energization board 10 and high temperature conduction material for 
energizing to the flat tip semiconductor device 1 is inserted. 12 and 13 are an object for distribution of cooling water, 
and a header for a set, respectively. The heat loss generated in the flat tip semiconductor device 1 is transmitted from the 
flat tip semiconductor device 1 in heat conduction even to the cooling object 8 by which electric insulation was carried 
out through the energization board 10 and the electric insulating plate 7. The passage within the cooling object 8 is made 
to circulate through cooling water (antifreezing solution) 21 with a circulating pump 19, and this heat is cooled by heat 
transfer by forced convection. And finally heat is radiated to the open air with the air-cooling radiator 16. For 17, as for 
cooling air and 20, an electric fan and 18 are [ cooling water piping and 22 ] tanks. 
[0005] 

[Problem(s) to be Solved by the Invention] In the semiconductor stack of the above-mentioned configuration using the 
conventional flat tip semiconductor device shown in drawing 4 , an electric insulating plate and an energization board 
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exist between a semiconductor device and a cooling object. Therefore, there are a semiconductor device, an energization 
board and an energization board, an electric insulating plate and an electric insulating plate, a cooling object, and the 
three contact sections between a semiconductor device and a cooling object, and it is placed between them by contact 
thermal resistance in each part. 

[0006] When thermal resistance was surveyed, the values of the contact thermal resistance in the one contact section are 
about 0.0014 K/W, and it turned out that it corresponds by 2 to 3 times the value of the thermal resistivity inside an 
electrode board, and about 25% of thermal resistance 0.0057 K/W between [ whole ] a semiconductor device and a 
cooling object is formed. Such big thermal resistance will cause enlargement of a cooling object and an air-cooling 
radiator. That is, it has been a serious failure to a technical problem called the miniaturization of a size in the main 
converter carried in the vehicles for electric railroads, and lightweight-izing of weight. 

[0007] The purpose of this invention is in view of the above problem to offer the flat tip semiconductor device which 

can make small the appearance in the assembly condition which even the cooling system included. 

[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, in a flat tip semiconductor 
device of a double-side-cooling mold which has two metal-electrode boards which fixed to an insulating ring of a 
ceramic, and radiates heat from both sides of a contained semiconductor element, this invention shall have a tabular 
projection by which some of one [ at least ] electrode boards were extended outside a periphery of a ceramic case, and 
shall use the tabular projection as a principal current terminal. 

[0009] Moreover, it has a tabular projection which extended some electrode boards of both sides outside a periphery of 
a ceramic case, and is good also considering the tabular projection as a principal current terminal. If an electrode board 
of a flat tip semiconductor device for power is constituted as mentioned above, since it can serve as the conventional 
energization board, an energization board can be deleted from between a semiconductor device in a semiconductor 
device stack, and cooling objects by tabular projection. 

[0010] It is [ a location where a principal current terminal of an extension of an electrode board of both sides is 
symmetrical especially, or for a location to shift and to prepare it ] good to turn to the direction of a right angle mutually 
etc. Connection with an outer conductor is easy, without a principal current terminal interfering mutually, if it is made 
such. Furthermore, a hole shall be established in a principal current terminal of an extension of an electrode board. 
[001 1] If it is made such, connection with an outer conductor is easy. 
[0012] 

[Embodiment of the Invention] It is outline drawing with which drawing 1 (a) looked at the cross section of the flat tip 
semiconductor device of the example of this invention, and drawing 1 (b) looked at the flat tip semiconductor device of 
drawing 1 (a) from the left-hand side of drawing. In drawin g 1 (a), the flat tip semiconductor device 1 sandwiches the 
semiconductor device chip 2, and the heat transfer member 3 and the electrode board 4 are arranged at the both sides, 
and it carries out pressurization contact. Throttle plate 25a of the iron nickel alloy soldered around electrode board 4a on 
the left-hand side of drawing is soldered at the insulating ring 5 of an alumina. The arc welding of throttle plate 25b of 
the iron nickel alloy soldered around electrode board 4b on the right-hand side of drawing and the welding board 26 of 
the iron nickel alloy soldered at the insulating ring 5 of an alumina is carried out on the edge, and the semiconductor 
device case is constituted. The heat transfer members 3 are silicon and molybdenum with a near coefficient of thermal 
expansion, and the electrode boards 4 are the electrical and electric equipment and copper with large thermal 
conductivity. It is the same as the conventional flat tip element of drawing 4 to radiate heat to the cooling object with 
which the heat loss generated with a chip 2 is told to the heat transfer member 3 and the electrode board 4 heat 
conduction, and touches the surface of the electrode board 4. 

[0013] A different point from the conventional flat tip semiconductor device of drawing 4 is a point which prepares the 
tabular projection which made a part of electrode member 4 in both sides of a semiconductor device 1 extend outside 
the exterior of the semiconductor device case 5, and is used as the current terminal 6. The width of face of the current 
terminal 6 and thickness are decided by the current capacity to energize and Bus connected. In this example, the current 
terminal 6 of the electrode board 4 of both sides of a semiconductor device is formed in the symmetrical location. 
[0014] In outline drawing of drawing 1 (b), signs that the current terminal 6 is formed in a part of electrode board 4a are 
seen. And the hole 61 has opened in the current terminal 6. Throttle plate 25a is seen around electrode board 4a, and the 
insulating ring 5 is visible to the outside. Drawing 2 is the partial block diagram of the semiconductor stack which used 
the flat tip semiconductor device of this invention. On both sides of the electric insulating plate 7 of alumimium nitride, 
it is stuck to the semiconductor device 1 and the cooling object 8. Although there are a pan spring for pressurization and 
a shot for equal pressurization in the edge of a stack 1 1 as drawing 4 showed, it is not shown in this drawing. The 
current terminal 6 prolonged from the electrode board of a semiconductor device 1 and the outer conductor 23 for 
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energization are connected with the bolt nut 24. 9 is cooling water. 

[0015] In this example, compared with the conventional semiconductor stack configuration, an energization board 
becomes unnecessary, and the one contact section between a semiconductor device 1 and the cooling object 8 is deleted. 
Therefore, the thermal resistance between a semiconductor device 1 and the cooling object 8 fell 25%. Consequently, 
energization current was able to be increased about 10% on the same cooling conditions. On the contrary, if it is the 
same energization current, the miniaturization of the cooling system of the circulating water cooling system is attained. 
[0016] the method of establishing as a direction of the current terminal of the both sides of a semiconductor device, so 
that the direction of a right angle other than the example of drawing 1 may be turned to mutually or the way the same 
rudder shifts a location etc. is considered variously. Moreover, although the example of a flat tip semiconductor device 
with the insulating ring of a square shape was shown, of course, it is applicable also to the circular flat tip 
semiconductor device which is not restricted to a square shape and is usually seen. 
[0017] 

[Effect of the Invention] As explained above, the flat tip semiconductor device of this invention By using as a principal 
current terminal the tabular projection by which some electrode boards were extended outside the periphery of an 
insulating ring In the configuration of the semiconductor device stack by the circulating water cooling system using 
cooling water (antifreezing solution) Compared with the case of the semiconductor device stack configuration using the 
conventional flat tip semiconductor device, one contact part on the heat path between semiconductor device-cooling 
objects can be reduced, and thermal resistance between semiconductor device-cooling objects can be made small. 
[0018] Consequently, the configuration of a cooling object and an air-cooling radiator can be made small, and it can 
contribute to miniaturization lightweight-ization of the main converter carried in electric railroad vehicles. 



[Translation done.] 
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